Substantial effort and resources throughout the past four decades have been devoted to the investigation of novel paradigms to limit the damage caused to the heart by myocardial ischemia and, more recently, the spectrum of lethal ischemia-reperfusion injury. The scope of this intellectual and financial investment is underscored by the fact that, as of December 2010, more than 9,600 publications cited in PubMed include the term 'cardioprotection' as a key word.
A milestone in the field of cardioprotection was provided in 1986 by Murry et al. [14] , who demonstrated that transient exposure of the heart to a stressful stimulus (i.e., antecedent 'preconditioning' ischemia) marshaled a profound, endogenous cardioprotective response and rendered the myocardium resistant to a subsequent sustained ischemic insult. Although this observation was, at the time, considered remarkable and viewed with some skepticism, the phenomenon of cardioprotection via adaptation to stress has been corroborated in a host of studies and expanded from the initial paradigm of ischemic preconditioning to encompass multiple triggers including remote ischemia or 'preconditioning at a distance' [18, 27] , mild hypothermia and hyperthermia [12, 23, 25, 29] , endotoxin and endotoxin analogs [19, 30, 31] , endoplasmic reticulum stress [17] and many others. There are, however, two important caveats to the reduction of infarct size achieved with ischemic preconditioning and other stressors: the protective triggers are considered to delay (rather than preclude) cardiomyocyte death, and efficacy is achieved when the triggers are applied as a pretreatment (before ischemia) or, in some instances, during the initial secondsminutes of reperfusion. That is: myocardial salvage is typically not obtained in the setting of permanent coronary occlusion, and cardioprotective strategies are generally ineffective when administered hours-days following relief of ischemia.
In the current issue of Basic Research in Cardiology, Xu and colleagues [28] report that prolonged exposure of rats to intermittent hypobaric hypoxia (IHH: barometric pressure of 404 mmHg and PO 2 of 84 mmHg [corresponding to an altitude of 5,000 m], 6 h/day, for 14 or 28 days) was associated with a significant reduction in myocardial infarct size and improvement in contractile performance. The concept that intermittent hypoxia, either alone or in combination with reduced atmospheric pressure, can initiate a cardioprotective response is not novel: infarct size reduction in response to hypoxia is well-documented in the literature [7, 9, 10, 15, 16] . However, the study by Xu et al. [28] is noteworthy, in that the authors used a model of permanent coronary artery ligation rather than ischemiareperfusion, and daily exposure to IHH was begun at 7 days after the onset of ischemia.
The obvious question is: how can this intriguing observation be explained? Xu and coworkers speculate that the observed evidence of angiogenesis (reflected by increases in vascular endothelial growth factor (VEGF) expression and capillary density in the peri-infarct region), manifest at 14 and 28 days after the onset of treatment, may have played a role. In addition, the authors provide concomitant evidence of increased phosphorylation of heat shock protein 27 and reduction of apoptotic cell death as detected by TUNEL staining at the infarct margins [28] . When these data are considered within the framework of the well-defined, rapid temporal progression of ischemiainduced cardiomyocyte death in the rat heart (i.e., development of a transmural infarct within *2-4 h after the onset of coronary occlusion [4, 23] ), direct salvage of ischemic myocardium by IHH-induced increases in myocardial perfusion or up-regulation of cardioprotective signaling appears improbable. There are, however, at least three alternative explanations that warrant consideration.
The first and fundamental issue is the requisite documentation that the primary determinants of infarct size are comparable among all study groups. In the rat, as in other in vivo models, this includes the measurement of risk region, or volume of myocardium rendered ischemic at the time of coronary artery occlusion. Accurate quantitation of risk region in long-term studies is notoriously challenging: in many instances (including the current study), the assumption is made that the lateral extent of the infarct scar assessed days-weeks post-occlusion coincides with the margins of the risk region. Unfortunately this assumption can be problematic. For example: we measured the lateral distance between the margin of the infarct (assessed with triphenyl tetrazolium staining) and the edge of the risk region (assessed with blue pigment infusion) in cohorts of control and preconditioned rats subjected to 90 min of sustained ischemia followed by 4.1 h of reperfusion [27] . In control hearts, this distance was independent of the size of the risk region and was approximately 0.4 mm on each side of the infarct. In hearts that underwent ischemic preconditioning, the lateral distance was inversely proportional to risk region (the smaller the risk region the larger the distance) and, for risk regions in the range of 20-25% of the left ventricle, was approximately 2.5 mm on each side [27] . Accordingly, the assumption that the lateral edges of the infarct (or scar) abut the margins of the ischemic territory may provide an underestimate of the risk region. This assumption could be further compromised by an intervention-particularly a therapy such as IHH that stimulates angiogenesis and alters coronary blood flow in the peri-infarct region-and thus could confound interpretation of the results.
The improved myocardial viability, reduction in scar area and attenuated left ventricular dysfunction reported by Xu et al. with IHH are reminiscent of results obtained with cell-based therapies including activation of endogenous cardiac progenitor cells, administration of exogenous progenitor cells, or recruitment and homing of bone marrow progenitor cells to the infarcted heart [8, 21] . In addition, a substantial body of evidence suggests that 'hypoxic preconditioning' of progenitor cells (specifically, exposure of these cells to 24-72 h of hypoxia before administration), renders the cells more tolerant to the unfavorable conditions of the ischemic myocardium and augments the regenerative benefits of cell therapy [2, 22] . These data raise the interesting possibility that, while direct salvage of ischemic myocytes is unlikely, the favorable effects of IHH in this paradigm of very late treatment may be due in part to a hypoxia-induced activation or mobilization of resident populations of progenitor cells. This concept is, however, speculative and will require future prospective investigation.
A third possibility is that IHH directly affected the scar. For example, there is evidence that cultured murine fibroblasts exposed to hypoxia can change their phenotype to myofibroblasts [13] . Although such cells produce collagen, it is the contractile ability of a-smooth muscle actin which may be of particular relevance as myofibroblasts are known to produce scar contracture [5] . It is well-recognized that myocardial scars can undergo considerable shrinkage under normal circumstances. For instance, in pigs, a 30-60% reduction in tissue volume within the infarct was reported at 3 weeks after infarction, with the principal direction of shrinkage being circumferential [6] . If such scar shrinkage was enhanced through IHH-associated changes in the myofibroblast population, the net result, in terms of the appearance of a ventricular cross-section slice, would be the same as reduction of infarct size. Identification of an effect of IHH on the scar, rather than on cardiomyocyte salvage or recruitment of progenitor cells, might be achieved by the measurement of the circumferential extent of non-infarcted muscle in a ventricular cross-section. This point is illustrated by a study from our group in which externally-mediated scar shrinkage using the thermal effects of a laser significantly reduced circumferential scar length when compared with untreated hearts, yet circumferential length of non-infarcted muscle did not differdata that are consistent with equal infarct size in both groups prior to treatment [26] .
If IHH augments scar shrinkage, this raises a closely related concept: scar contracture requires extensive remodeling of the collagen matrix, including both collagen production and collagen degradation. Hypoxia has been shown to stimulate collagen synthesis by cultured human vascular-derived myofibroblasts [24] . In contrast, the effects on matrix metalloproteinases have been mixed: several studies reported increases in MMP-2 synthesis in cultured rodent fibroblasts [1, 13] , whereas exposure of cultured human myofibroblasts to chronic hypoxia attenuated MMP-2 activation [20] . The overall effect of hypoxia on collagen deposition is, however, best assessed in the intact heart. In this regard, non-ischemic hearts of rats exposed to IHH (18 h/day for 10 days to a barometric pressure of 0.4 atm (308 mmHg) and PO 2 of 64.5 mmHg [equivalent to 7,000 m altitude]) displayed an increase in myocardial collagen content as reflected by a doubling in the hydroxyproline content of the left ventricle [3] .
Interestingly, in the study by Xu et al. [28] , collagen content expressed as a percent of the total left ventricle (including both scar and remote non-infarcted myocardium) was reduced, rather than increased, with IHH treatment. The obvious difference between the two protocols that may contribute to the seemingly discrepant outcomes is the assessment of collagen content in normally perfused hearts [3] versus hearts subjected to permanent coronary artery ligation [28] . This may imply that IHH has a differential, biphasic effect on collagen deposition in noninfarcted normally perfused regions of the heart versus scar, possibly due to the superimposition of an intermittent hypoxic stimulus on a region of the heart rendered chronically hypoxic by coronary artery occlusion. Alternatively, IHH may have selectively increased the amount of perivascular collagen in intramyocardial arteries [11] , an effect that could favorably limit infarct expansion in the absence of an overall increase in scar collagen. Evaluation of these concepts would require discrete regional quantitation of collagen content in the scar, in non-infarcted myocardium, and around blood vessels-analyses that were not incorporated into the current study.
The seminal reports that brief preconditioning ischemia, applied locally or remotely, could protect the heart against infarction were subjected to intense scrutiny. However, these observations, once verified, yielded a paradigm shift in the field of cardioproptection and in our understanding of adaptation of the heart to stressors. The finding by Xu and colleagues that IHH (or, indeed, any therapeutic strategy), applied at 7 days after permanent coronary artery ligation, can mitigate the deleterious consequences of sustained myocardial ischemia is equally remarkable. However, if substantiated and if mechanistic insights are achieved, these data raise the intriguing possibility that a relatively simple intervention-intermittent exposure to simulated altitude, initiated days after coronary artery occlusion-may offer profound benefit to patients with acute myocardial infarction.
